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111 Xli2gBtfe<7Mb£-!|«=©tti£So 

[IS^IlSlflfB^BltifttRli. AIN, GaN, SiCX[*^b<D@^7!)^^@B[S] , l4^$gH%S*5-efc^) 

zt^^^ff^jaAfBma^b^r^^^^^ao 

Ji4Xli5lB®<7Mbl^¥^{*$i&^Bo 
[|f*JS7]flJlBSi§3feJf l*,365nm*^530 
^4lBt£<7Mb^¥»f*fg?fcigSo 
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[0001] 
[0002] 

itmmt^^mmm^xi^o z<Dmm\z±tLxmm&m%mmM: : MMocvD&) 

^(Dte^g^l 6%m&fo&^tfrt>. %£&%.Mtfl 0 8 crrf 2 fr£>1 0 ,0 cm _2 (DSf t*H4Ltl^o 
[0003]Z<D£?t£ifegkX\fa&&(»\g.mzMLT\*. #^¥4-1 5200-§-^fg. ^¥2-81 482-§- 
^$B^^¥4-297023^$g&£*ICfS«^^ 

-ri>o *<Dtz&b. mtttm^izftH&mat&mom'pv. mMK.mi-iztert&wiE.^miiZt 

fee 

[ooo4]*fc. tfc&j^MiN^ilteicoivcii, ^•(DiftfE^'tt^^-cu^ztANf,. l&m&mtett 

m&mtLXmi^tlXl^o LfrU -<7)J:^*teli. ^s^14lC0)^g LX&m&XXl^&O) 
[0005] 

[fgBJA^&U^lTS^ 

[0006]*fgBJ[i. ±fB*'tf ^#JtLT^nfct(D-C\ -£0>g &£^5>[i. m£kXffi(D'Pte^& 

K<D^b^<bi^1»^teJli£ff2jrr£-£^ 

asmb^^#^^^S^ti^^c<!:[cfc^ 0 

[0007] 

[ISli^^-r^^tfxD^lS] 

fat. ^(D&fa±izm^mm^tzit^^mwmt^m^tzit^m^mwmm^^x, m^&m 
iiiafli4^B«tefr£&y^b^^ 

iooos^tz^mmt. mmmit^m^m^^m^tzit^m^m^^tmmiz^x. lefti* 
&&£kfrz>tiiz>mik&&fot. ^<D^m±izm^momit^mt^^mwm^^mr^Lxt^). & 

[ooo9]zz-e\ *§£BA(Dm&L^nmmmtLxiz. ^<r>^<Dt^\i^^o 
(D^snstsii.AiN, GaN, s\c^\zz.^ommwi^hUhm^^^m.x^>^to 

(2) n^m^m*. ciftTJisiicia^tt^-r^iBfRitt^^a^fc^zio 

(3) fgftjf f*. 365nmAMi530nm^-e(7)Ml|?^3 l c^ft«!:LTWr^C(i: o 

(4) *SiHiJ&:ft>£<!:LT, MOCVD&^ffll^to 

(ftm)*§£WlZ&ih,l£.m&te.&fatLXA\N, GaN. SiCl|<DiBfitt^$SJIS^£^&C,!:rf>^ fi 
^<!:^(7)±lc^^n^M^b^^^b^^¥«<*M<tcDra(D^T^^^/h^<^'So ^(Dtztb. MitM 

mti$ty*mwmowm&tfm'p^ zLh\z&im=i-(Dmmm*\p\±?z>o rn^mz^ n%m^\z 
^if^m^m<D\^±^mmE.m^iz^if^mK^±mt:itt^ztf)<x^o &t~. zo^mt^ 

[0010] 

(mmmmi )int *mw<om (ommmmizm^m^^-^com^m^^-i-mmmxh 

[001 1 ]3g e B 3 14**5«^LTc$ilCiB[S]L^AIN^^S*5/)<fflL^P ) 4^. C0>AIN£$£H*}£1 1 <D-£E 
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1 1 a±lZ. J?£4^m£>nMGaNJll 2<tm^1^m(DpMGaNji 1 3riqiJf £*1/Cl^ 0 pMGaNjf 1 3l£$l 
T> it— S.vtnmtLX. p^GaNjfl 3±|ZlnflIl 4>Wj$£*U nSiGaNJl 1 2tf>^ai£fl$3 v l::in|)g1 5rf>< 

[001 2]^iz, ^HiSffmi^fcif-S^^V^— K(D^it^;ilcoiNrl5iBJ-r^o $SllJ&:R&<tLTf;J:. 

MOCVD}££ffll^ 0 C(DMOCVD;£-Ci*. ^r-V l JT* > XiLT7K*(H 2 ) . J^^XirLTh'J^^'J 
^A((CH 3 ) 3 Ga:TMG), T> : E-T(NH 3 ). v^>(SiH 4 ), t'Xv^a^^^Vl-JR^y^A 
((C 5 H 5 ) 2 Mg:Cp 2 Mg)$ffll^ 0 

[001 3]£?\ *«^&tf»gfe^|Z<feorSBi*S5tf*L/iAIN^Jgil»«1 1 £MOCVD=£B0)J5f& 

Mlcita$tifcAa^pr^«j:-ti-tz^±l^^1-^ 0 -fcLT* ^J±"CH 2 £1 OL/ttSSLfcfrtK IH 1 o 

0°CT^1 O^Pals AIN^^M=|R1 1 1 1 a^SUSX^i/^Lfco t£t$. AIN0)IB|S]14£$£iII* 

[001 4]*L^. AlN^m&m 1 £1 050°C[Z|J$;£-&;£U H 2 £1 0L/£\ NH 3 £5L/:fc\ TMG 
£25cc/:fc\ SiH 4 £l Occ/:ft\ ^K^tX^-tlC^yGaNJll 2£&]1 B^IMLfco 
[001 5]<fcl^\ AIN^fglaX&l 1 £1 050°C1:^;aLtc**. H 2 £1 0L/fl\ NH 3 £5L/fl\ TMG 
£25cc/#\ SiH 4 £1 Occ/$K Cp 2 Mg£l GOcc/SK ^tt^HSS-T^ICcfcypMGaN® 1 3£&J1 

[0016]GaNjl12St;137b<J*5L^AIN^^S^11^M;a*Ti^;SLfc^lCMOCVD^SA^^)ffi^ 
UtUU. Si0 2 fm^^L, ^(D^XIiTv'U^UIC^ornMGaNJll 2£<®ai-f &£-e P MGaNJl 1 

[001 7]*lvc, In^jl»](7)S^^}4lwcl:-pT^Vmff^L. 300°CO>JnMSlCj: 
y&tftoS— 5*;/**II£Lfco fcifcs #Ba>4r*U7«JKl±. n^GaNjfl 2A<3 x 10 18 cm -3 . pMGaN 
Jf 1 3#6 x 1 0 16 cm" 3 -efeofr 0 

[001 8]C(D<fc3lcLTmj&£ftfcJ£#£V;j-— K£350,m^(a*££lct;jy#tf\ x^A_hlcv^>h 

GaNJll 2 J ^pMGaNm'\3lZtSlf^^aXmtm^X'ptj:l\^(0X^^tzo ^LT. 1^*0^77^78 

<Dffitt2400°cmg.<Dmi : ,%.Xm-$-&^tlZ £-oX SiC^m^b (M) U Z*UC*f LT2200°C?Ij£aM£ 
7J)*I*. AIN-^GaNlC^fflTF^o Mfli^i^K^L^-n^frb. S*»HSt* 

(^mmm2)mzit^m^(Dm2<ommmmizmt>^mift^^— F<Dm=f-ffi&&7ji?mwmx$> 

[0020]Sjg H B a 14»^,i:Lrc$4lZiEfSl14^LfcAIN^^ a S*R21 V ZCD*«21 ±lZ. &tiLMfr 
t>IIIlCJl$2Onm0GaN/^7TJi22. Jl^^m^nMGaNjf 23. J?£l^m(7)p§JGaNjf 24#*XJ1£ 
tiXl^o GaN/^7@22l±, A\NWifa\$.g>mgl l &fatGaNmt<DmiZ&&2. 296a>4ft?7ttd$tt 
fQU ^^PlS<7)f§^tiPflJ-r^)fc^lC^mL^(7)-Cfc^o pi2GaN]l24(7)-$|5l*nMGaNM2 
3^ai^&3rC*X^>>f Rfc^;^ #Jl23, 24\Z*— 5^WIi:LT(DInJl25, 26 WJ&^ftTl^ 

[0021 ]ca>«k5fe«JS-e*^$»fiELy=e«, AiNBfi1±£M£&±(=tt&S{btt$fc£fe¥#{* 

mzmmuzm (DmmmmtttmLx . mit^it^^mi^m(Dm^m^iz\^±Lx^).m=F 
<Dmtia\zb&wtf%.z>*itzo z<D&?izLxftmz*itz§£ft#-(*-t!2oxi*. mmom&zft&o-y-y 
T4T&u$:m^xttmLtzm'&t&.%LLx. mtuzi mjL±&.w-?z^ttfx£tz 0 
(mmmm3)m3it^m^mm3(om^mizmt>^n^^-^m^m^^-rmmmxib 

[0022]^ B s H 1tS^«!:LTc|4lCiB^14^LfcAIN^ H lS^31 &miK Z(D»1K31 ±lz. SMJfr 
t)IIII-J1^20nm(7)GaN/\^TJl32. J¥$4 /M m<DpiyGaNJi33. J*£l/mK7)nMGaNJi347^mJf £ 
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nn^o nMGaN)l34(D-$|J[ipMGaN/i337{)^tB-ri)^-e^^. #JS33. 34|C^"— 
^«M«!:LT0>InJi35, 36tWj££*ITI,^o 

y A^^MGaNji#a®i^M£;h/ci^fc#K nmo)&ifiW£.c j t>-t<+ ®.-ox§£mm&fc<t& 
(ii^^m^*. *sgE<&tii4(Dgi^ 

[0024]$S B H H 14^t5<i:Lrc$fll[C@H[S]L^AIN^^S*g41 ^(7)^41 ±|C. SMlJfr£>JIIIlC 

J1^20nm(7)GaN/<^7'li42. Si£>3s}jPL*:J?£3^m(Z>n3iAIGaN (AI0>3jMtfc = 1 5%) Jf43. S\t 
Zn<t^|5]Bf[Z^PLfc/l$50nm(DnMlnGaN(In<7)|iliJcJ± = 6%)f§^li44. Mg^^HL^Jl^SOO 

[0025]MOCVD;£C:fcl^-C. *-* l )Tfi*tLXH 2 &U^i(i(N 2 ) „ Jl^X^LTTMG. h'J^^UT 
;U5-OA((CH 3 ) 3 AhTMA). h , J^;U'T>v^A((CH3 ) 3 In:TMIk NH 3 . SiH 4 . Cp 2 Mg. yl 
^;Uffi»((C 2 H 5 ) 2 Zn:DEZ)£ffll^o 

[0026]*||j!W^<&Sg*$V:*-KT-li. ^U^afcfcjWJfc&frTl^fctfK *1 ^bs3fe 

vtixmifb&mtfmL<mix\-?% 0 

[0027]£fc. ^HMMidfcl^T. InGaN^3feJl44(iIn < !:Gai:OP B ia>Mfi!ci±^6%i:i5^Lfc^. - 
ommtk\^^X§£%)&&£%.7LZ>^£tfX%& 0 Lj&*L£j5<€k ln<D*lj£JtJb<*£<fcy . 
;&g£l££Ufc?i:TS<h3&#Jf44<Dii£ H l^ 
m£Tf<Z>®ffllCA&In<OJjfiJ?)U^^ 

[0°028]*3l»*Sl::^TI£, ^ 

£fflL\ ^0)±|ZGaN/<^TJl52^Jl$20nm, nSGaNl53^m, 7>K— 3?InGaNji54£l 00 
nm. P gJGaNjl55£300nmJMLTl^o -£LT. p^GaNjf55±lCSi0 2 lg56^/^— >— >^*LT 

^ri£L/i«1 0//m<DXh^^lZ. In-Znm^57^fifeLTl^o nMGaN^53IC[*Inm^58 
&mj&LXl^&o 

100291^0 ^tj:mm.<D^mWly— VXl*.%?fc : ,$.%:mr l GaNm54rp<Dln(DmmiZ&'oXmtT% 
tf. ;jSft365nm^t)480nm(DFB^'eU— *ff£M$:&Z.-$-^ttfX£&o 

Tr^m^mfem&mxfoZo 

[0030]*HSfcJJ^T*[i. cf|filZ@B|S]LfcAIN^$g H B H *^61 &mgkte.&WLtLXm^XteV . ^(D±lZT 
>K— ^(7)nMGaN]l62i:SiK— ^(DnMAI „ 15 Ga Q85 Njf63£Z(miT-»JiLfcti£lC&oTl^<§>o 

t^>Xl^ 0 f— hmM65(iTiWfrt>#:<g>o nMGaNH62(7)IIJll*0. 6//m-C. **'J7»£l±1 x 1 O 17 
cm" 3 tfc^ 0 nMAIGaN@63(DjHJll*25nmT;-fe l 'J. 4F"V'JT*ft 1*4 x 1 0 18 cm" 3 -Cfe^ 0 
[0031 ]C©J:%*^»=fcL^ri*. *<D3R^1#14-C*£*';/h3!|-7JSifc»f T #20GHz. A^ttlbflsft 
»f max #5OGHz0>$#t££J#o-Cl^o ^/nVX(D#^*^H*T'(D«T'1'T*«±I^J*L^ 

[0032]#||»^|Zfc^T(*. c$ftlClSftL*:GaN^$£||71 £&*&<tLTJBL\ Z<£>±[^*atf>MOC 
VD&lCfclN-C. 00nm<DSiK— ?V.MGaNJi72£ji)cftUio ££lC^-(7)±|Zj?£0. 1^mtf>7>K 
— ^ > GaNjf74^ > Ji^1^m(DSiK— ^nMAIGaNjl73Sl/pliAIGaNjl75(L^ tltAlijai^hbfiO. 2 

ZfmtLX. pMGaNjg76£0. 3jum<Dm£Xmf&l,tzo 

l0033]*r J r , JTm&.lZ : t*l : €tl. nSGaNjf 72*)<1 x 1 0 19 cm" 3 , n^AIGaNjf 73#3 x 1 0 ,8 cm" 3 , 
pMAIGaNjf 75**1 x 10 ,8 cm" 3 , pUGaNjf 76**1 x 1 0 18 cm" 3 <!:Lfco nMGaNjf 72£gtii£t!:£> 
^®tLXltC\ 2 1i7.{Z&&Rm&4*>^vT><f(RlE)}£$:m^tz 0 

[0034]«^<tLTIi, nMIZttLTIiTi/Au(D«Jf *Ii£77£. P ^JllZ^LTNi/Au(7)«litiit78 

%mi\ 7oo°c(ommm^m-t^tiz^j7t—^^mmtLtzo n%L&3&c»tztbiz. P MGaNjf 76 
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(7>±ICSi0 2 079£JMU «H*tat78l±pMGaN^76(7)-g|5lcmMt--i)^ ; 5lCLfco 
[0035]C(DJ;a^ifi)ca)U— +f^V^"— KlC*5l*TI4* «E^5V N L#l*tt*3!Effi&8 x 10 3 A/cm 

[0036]^:||J£^SlcfcLNr[i > c$ftlciB[S]LfrSiC^$g H B H StR81^$g H H H 1±S^<i:LTffl^. Z(D±lz 
Jl^(DCVD;4lCfcL^VV7>(Si 2 H 6 )%.ZfT ttls>(C 2 H 2 )£ffllvC, ^j500nm(DSiC/^T 

J182 % ^blCTMGSt/NH 3 £J^TJ?£^1 00nm(DGaN/^/77lf 83£fML*= 0 Z<D±lC^^LT 

n^AIGaNjf 84(Jf£3//m, ***)7M&2. x 1 0 18 cm" 3 , AlijMJtO. 3) % 7>K— :?GaNJl85(J?£ 
0. 2jum). pMAIGaNjf86(I?£l^m, ^'J7;1J£2 x 1 0 17 cm" 3 , AHfc§fi!tJ£0. 3) , P MGaNjf87 (J? 
£300nm, *-\*'J7iSJt2 x 1 0™cm- 3 )$Z<D\mvmmLtz o 

[0037]£fc, nMAIGaNJi84^a)«mfi<J^mM^'r^#lg<t:Lr. nMJf 84£-e<D#Jf £BCI 3 #XC: 
cfc-pTK^X^XfLfco WIlCl*, nMAIGaNJ!84lZS>rLr[iInJi88^. pMGaNjf 87|C*JLTI*I 

[OO38]C<7)<fc?£:;fik0>b— W-T^-— KlZfclvCf*. mi±&j5V-eftti3;b1 mWfl);Sfi380nmro|g 

&C:fcl,va?£ii$1 00nm<7)SiC/^^TJl92. J^&<DMOCVD;£[C&UTil^LTJ?£3^m(DnMGa 
Njf93. H^500nmO)nMAIGaN<7^KJS94(AlM^hb = 30%). J5£1 OOnm0>7>K— ^(ClnGa 
N;S14jf95(Inmj*it = 10%). /5^5O0nm0)pSGaN=I>^hg97^Z(7)jliT?aiiLfco 
i!:LT[iSiC^ B ^XlS91 &i;pliGaNji97K*tLT. -e^^Jl^SOOnmCDNi^/l^l^m^Au,!:^ 
WH1ij£99£Si0 2 MgSIC^oTXh^-f^iliI^^Jill-r^Ztlz^oTff^JsJcLfco 

[0039]ZCD<fcd#tiJiica>b-+f*V*— K(cfcLNrii.Xt 0 ^v^Ufi£fiM93^t>97|C*tLrx^ 

mmmmi o)mioi±, *m%<^>%^ o<Dmmmmizmt>^m^^— ^Tjk-rmitmmmx^o 

*mMMMl-$$^Tlt. c|4lciE|fi]LfcSiC<!:AlN<!:(7)@^{*l 01 &&te£Lxmi\ C0>±lzJ§*fltf>M 
OCVD;^^fflL^Til3|^LT. J?£50nm(DGaN/^:77Ji1 02. H^3^m(DnMGaNJl1 03. J5£1 OOn 
m<DInGaN(InMfi)ctb = 6 0 /o)g104. Jl$500nm(7>pMGaNPl05^Z<Djli'ea®"f'5)o^. M^t 
LXmm 01 Sl/pMGaNBl OSlC^tLT^^tLm^SOOnmCDNitJ*^ Vm(DAu<i:<7)«Jlllit1 0 

[0040]^(7><fc9&S§ft*V?|--Kl OOlcfci^Tli. S1S(7>m^fi]73^/h$t^c<i:^f,#^lz1gJ£i5i(D 
[0041 ^BJIi±5!iLyc#ll]!iteff^lc(5g^^^ ; tcDr'[*^<. f(DSt$IIKL6L^it% 

fi^^^LTHjs-r^c^-c^^o m*.it. mmMmi^^xi*c$&&ifmm~mfaUz£>i&Fa$:&m 

tLXmi^tzrf. a$4 ( < 1 1 -20 > $4) -^>R$6 ( < 1 -1 02> $|&) fcif ICBBIrI L^0)£*4S<!:Lfci§^-et,^] 

[oo42]*fc. mit^mt^^m^m^f&m^MocvDmzm^^toxittj:^ MBEmw=F 
[oo43]*/t. nmMmxi*mftm*RVifc&m*HEMTiz^xmwLtztf. te^&^ifii^AiN, 

[0044] 

[^BJ<D^m]^±i*3iliL^J:3lc^f|BJ(c e fc^[^ % M<fc^<b^#^tt<Dlig«r H mSJi!*1££LT. Al 
N, GaN. SiC^CDiBiam^^ffll^^l^y. ^if H £|Ife<D^£j!><ffl*]£*U $£M>&0)ft±$:l£fr 
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ibtymt-SM^mittftn^tixi^o fie*. z©*mau*±fcLT**fcMft4lJ**&(MocvDj*) 

t©*W»*j6<1 eO/fcMJtfc&C**:*)^ $SH:fcPWl0 8 cm- 2 fr£lO 10 cm- 2 (D^j£T:-3&£LTl^o 
^^#PwW4-297023^^&£*l::i5m^^ 

tZo 

ft&mtLTmi^tiT^Z> 0 LfrU C(Dcfc^S1Sli. j»fi#14rz<Z)^*a L-C^ffl^HTL^ttD 
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#15 



[iieffli4£ii£Mffifr£&y^b^ 

(1) ^^14*^1*. AIN. GaN, S\CXlt^*l*0m&tefr*te&^fa&&ifeM l &faVfo&Zt 0 

(2) ^Uttft&i*. c$i^fa]icie[a]14$W-r^SB[S]14^ie H H B *^-efc€)-<to 

(3) fg&lfli, 365nmfr*530nrn&X<D$m&m?}b}&mtLXmi-Z>^to 

(4) $g Hfijc S^LTs MOCVD&^jm^C^o 
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(f^ffl)*»WlC«i;*lli.i|Sgai4a£«i:LrAIN, GaN, SiCl|(7)IEfi14£$£JI&&£jm^C<!:7^ & 

&it-£tomm&m(Dxm®mtfffi.&Ls ^tnz^mi-<Dmmmm±-r^o mwmzit. m%m=fiz 
teiizn9tfe&<Dft±vmM&m*izteii&ME.fa±w&*fr%zttfx-z&o &tz. z<D&mtnm 

[0010] 

■So 

[001 1 m^&m.tLxcmz^^iLtzA\N^m^&wmi^ix. ^<DA\N^^mm 1 G>-±m 

1 1a±lC, ^4 / am<7)nMGaNJl12i:Jl^?1/^m(DpMGaNii13A^ll$tLrl^-5o pliGaNjf 1 3li#£ 
5feJl<tLTflft<opMGaNJl13(D-^[inMGaN|l12^Sait-^*W^5 l >^^HTL^'5o j e-L 
T. 5^«^LT. pUGaNJll 3±ICInJHl 4tf»J***U niGaNfl 2<D^ttS$P^(3InJl1 5A< 

[001 2];^ic % *mmrm\zten&§£%V4*—\!o)Ufei5&\z^xm%-*&o ^mmitLxit. 

MOCVD;££ffll^c 0 Z0>MOCVD;£-e(*. ^r-V'JT^<fcLT7K^(H 2 ) „ Jl^XtLTh'J^^U^U 
OA((CH 3 ) 3 Ga:TMG), T>^— 7(NH 3 ), v^>(SiH 4 ). t'Xv^P^^yl-iR^yOA 
((C 5 H 5 ) 2 Mg:Cp 2 Mg)^ffll\fc 0 

[001 3]^-r. mm&ftJktfMfcmz^xm^&±ftUzMu&&&mm i £MocvD=gBa>sFs; 

Mlcms$tLfcAP^pr^-9-tr^±lc^^-r^c f Lts ^l±-eH 2 £1 OL/^SUfrb, fflJSi i o 

0°C7?JK)10#|BL AIN£$SHSt&1 1 0>-£®1 1 a^mffll^^Lfco AIN(DlB[S]'tt^^aS 

[0014]&ive. AIN^aS^I 1£1050°CC:^;S-&;UU H 2 £lOL/:tf\ NH 3 £5L/:*K TMG 
£25cc/3\ SiH 4 £lOcc/:fc\ ^tl^HjjS-r^l^yGaNJll 2£&)1 B^JMLfco 
[001 5]^L^, AIN^$£J|S1£1 1 £1 050°C-e^;SLfc**. H 2 $1 0L/fl\ NH 3 £5L/:ft\ TMG 
£25cc/$K SiH 4 £lOcc/^\ Cp 2 Mg£l00cc/3\ -e^X-6tl3Si"r-<tlC c fcypMGaNli1 3^^1 

[001 6]GaNjf1 2&tf1 3A<^LfcAIN^^ B B H *tS1 1 £^;U£T^;SLfc&lZMOCVD;£g7^£>^ 

ytuu sio 2 m&ixttu isao^xiiT^uic^rnMGaNjii 2#Miij-f &£-e P MGaNjii 

3£jgftX-/^>^L*:„ 

[001 7]&L*T?, !n^ft](Da^IfaiC<J;oT|?lVmML, lilliM*, 300°C(D*PMSlCcfc 
y S-J/^WEfcLfco ^-JKD^VMTltJtte. nMGaNjfl 2rf><3 x 1 0 18 crrT\ pMGaN 

m 1 3A<6 x 1 0 16 cm" 3 Tf feofco 

[ooi 8]C(D J:aicLr^$tLyi5§^^— K£350/*m£<D:*:££l::W#i-J\ XTA±lzvO>h 

Ls ^E-^K-r^ckiCcfcy % ^zftf&m-tZo ^<D&o\zLxtemztitzmit?-(*-wztei^xit. ni 

GaNjfl 2^pMGaN/l1 3ICfcNt-5^a^Pi|I±^r^d:L^(DT'feotco fits ^^(DWt^S 
[001 9]fcfc\ AINCDiefitt^llSlSl^tf) &olzLXftj$.Tt*H£Bi^o AIN^SiC#<*:<Z>lE[S]t£ 

tfvg&o Mz-i£. sic-e[±, j§*q<du— u— m^mi^^tiz^x^m-r^t^x^^o s\c 

(Dffl^&2400°Cfef£(DM^X^^&Z}zlz£.-oXS\Ctf%it(^- : &)L* CtL|Z$tLT2200°C?lJ^<Z>f& 

AiN-^GaNizt^ifflT^-So ^nmsizit. mmtf&iSizn&Ltti^tfr^ mmmm%* 
(mMMm2)mzit.*mBM<D%z2<Dmm&mizmt>&mft?4*-F<Dm*m*^^ 

[0 0 020]$g a %14Ste < i:LTc$4lCiB[S]'tt^WLfcAIN^$g H «*621 %mi\ C(7)^21 ±lz. **RfiiJfr 
£JlilCJ5£20nm(DGaN/^:77J!22, Jl$4^m<DnMGaNjf 23, J?£l /M m(Z)pMGaNJl24;{)<;fIjS£ 
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Htt^o GaN/\*^7ll22[i. A\NWt\Z\fe§r$£M i g:fatGaNmt<Dm\Z&>Z>2. 2%<7)»^»^$« 
«U ft^^WKOlfe^ffll^J-r^fcAlC^LfctO-efcSo pgiGaNjf 24(D-£fltenMGaNjf 2 
33b<liai-r-6*"CX^>yKti$*L % &M23, 24lZ*— 5^SatLr<Z>InB25. 26^JM£;h,Tl^ 

[0021 ]z<D*5<f«3ft-e*«»*Lfc|g*, AiNBffl1±£M*tt±(=tttt&<btt${bft4fe*MM* 

E0022]tgai4*fi<tLrcil!ll=iBlRltt$*LfcAIN^«a*«31 ^<D&fo31±\Z > 
e>IBI=ff$20nm<3!>GaN/^7T/i32 % J?£4,am(DpS{GaNjf 33. ff$1^mO)n£!GaNJS34j&<!tB$ 
*LTL^o nSGaN»34<D— ffilipMGaNJB33jb<liaj?-£*^lfcS£*U #Jf 33, 34IC*— 5^ 
<7MMtLX(Dlnm35, 36rfteJ$.tStlX\,*2> 0 

zt^r^c totztb. m3ommmmt^Lxmt^^\z3^5^(Dmmt}<M.^ti^ : 7\zt < f:'otzo 
(mmmm*) mi** ^mB^om^mmmmiz^^m^^-^m^-m^m-rmmmx^ 

E0024]fgfttt**i:LTc«|lCiB|plLf=AIN^eaat«41 £fflL\ CCDS4K41 ±[C. SlS#J^t>JHIC 
J5^20nm(DGaN/^7TP42 s Si^^jDLfrJ5^3//m<DnMAIGaN(AI(DJiafi£lt = 1 5%) H43. Si£ 
Zn«t^|H!B#|C^PL^J1^50nma>nMlnGaN(In(D|a/Slt = 6%)^5fe]i44. Mg£^*inUiJ?£300 
nm<DpMGaNJl45^1<Dll^^<tl^^(DMOCVD^ffl^Tff^$tirL^o 
[0025]MOCVD;£|::fclvC. *-* l )7li7>tLXH 2 StXM^(N 2 ) „ J^*4:tfX<hLTTMG. h'J^JUT 

;U5-^A((CH 3 ) 3 AI:TMAK HJ^JM' >v^A ( (CH 3 ) 3 In:TMI) s NH 3 „ SiH 4 s Cp 2 Mg, yl 

^^Sift((C 2 H 5 ) 2 Zn:DEZ)^fflL^ 0 

[0027]$fc. ^HiWSl^fcl^T. InGaNfg3tH44fiIn<i:Ga^(7)^<7)Mhk^6%^ig^Lf^s C 
;&S£l££L£?£i-£<b#§#jl44<D^a^^ 

[0028]#^iferafl8lzfcLvcii % fg^^ 

-e<7)±ICGaN/^37 7 Jl52^ff$20nm. nSGaNl53^m, T>K— :7lnGaNjf 54£1 00 
nm s p^GaNJl55$-300nmJ^Ji£LTL^'5>o ^LT. pMGaNjf 55±|CSi0 2 jH56£/^$i— >— ls<fLX 

^Lfcipll O^mCDXh^-r^lC, In-Zr.mM57^JiELTl^o £«=>K> nSGaNjf 53lC[£lnn*I58 

[0029]C(D£5&*i£<Z>###U— 1f-e(*.^3t;jS*[*InGaNJl54i^(DIn(7)iSli5KlCcl:oT^'(b'r'5 
7b^^fi365nm^t.480nmO)rBl-eU— tf^Jl^Z-r-it^r^^o 

[0030]#iij!»ire[±, c«l(=BBIPlLfcAIN^jgaaifi61 £^ai£SlR<!:LT^Tfcy.*-(D±ICT 
>K— 3f(DnMGaN@62<bSiK— Zf(DnMA\ 015 Ga 085 Njf 63£Z(DjlST5i»JlLfc^£l::&oTl^o 

v— xm«64aw^-r>«ffi66iiTi/Au(b«H«£fr^ 

totL^, K«ffi65f*TiW^e>ft-5o n^GaNJl62(DMJl[i0. 6/<mt% 3Hr'JT;sJgl*1 x 1 0 17 
cm' 3 t'fe^, nMAIGaNj!63(DMI!li25nm-efcy . ^r-V'JT;'gJ^I±4 x 1 O ,8 cm" 3 t'felio 
{003M^(D&otj:m=Flzt$l\Xl£. *<Dm=f-ftte.X*$>&l3vh*7m : ,&®tf T #20GHz. JK^SHlJIljK 
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(*J6»»7)mi*.**W0)*7a)*Jfc»»rcff*>«lx^^*— K**r*^«JftWlBH^*4. 

[0032]*HJ6^JI8lCfct^TI4, ciAlClEftLfcGaN^||71 ^a&KtLTffllV £<Z>±i:iJS*ia>MOC 
VD&ICfcl^T. ff*100nm(DSiK— ^na!GaNB72$flftftLf=o ££l^-0>_tl::Jl£O. 1/<m©7>K 
— :?GaNjf 74£, ff^l^mOJSiK— 3^nMAIGaNJB73&t;pa!AIGaNJB75(l^*l*»AUflfiKJtf40. 2 

-JMtLX. p^GaNjf 76^0. 3tim<DmtrZMfiLLtz 0 

[0033]^"VgT»JStt*tt-?*l. nMGaNjf72^1 x 1 0 19 cm -3 . nS!AIGaN«73j&<3 x 1 0 18 cm~ 3 . 
pMAIGaNjf75j&«1 x 1 0 18 cm" 3 . pMGaNjf 767^1 x 1 0 18 cm" 3 ^Lfc o nSGaNjf 72£Rtti£t*-5 

[0034]«StLrf*. nMlC^LTIiTi/AuCDWJf *tii77£, P MJllC*tLTNi/Au0)mif *i&78 

700°C(D|ft^S^«5-r-tlCj:y^— S^mtt^Lfc. fcfc, «3lE»*©fctf>l=* P MGaNjf76 
(7)±ICSi0 2 H79*»«L, »JB«ft78l±pMGaNJB76<D-»(=i£tt*££5r-Lrt=o 

[0035]za><fc?fcfltofc(DU— h'lzfct^ri*. «ES^5V. L£l*fit*3SEffi&8 x 1 0 3 A/cm 

-eu— Wis«j&«£i:fc. 

(**»»8)JM** *»B©»8<D||ftflmi::^ 

[0036]*5MfiMHzasivc(4 % c$l!llCiHlB]Lf=SiC^iiSffl*«81 £$£H14^£<tL-OBl\ Z<D_tl= 
Jl^KDCVDjSlCfcLNTvv^XSig H 6 )SlKT-tr5 1 U>(C 2 H 2 )^fflt^T. |*l500nm(DSiC/^T 

Jf 82, $t>[ZTMGSt^NH 3 $ffllvCff££|1 OOnm(DGaN/^7TJi83^i?£Lfco ^a>±IC)ii%Lf 

nMAIGaNlf 84(Jl£3//m, 3r*'J 7»J£2 x 1 0 18 cm -3 , AIJjMJtO. 3) s T>K— :?GaNjf85 (JS£ 

O. 2^m) % pSAIGaNJS86(ff$Vm, 3rV'J7*£2 x 1 0 17 cm -3 , AlMfiJcitO. 3) % P SGaN@87 (JS 

$300nm, 4r*U7M2 x 1 0 18 cm- 3 )£Z(Dll[I-e3iJf Lfco 
[0037]£fc.nMAIG 
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[M9] f£9 <Dnmmmizfat>z> \s— w**- wm^m^**? m m m „ 
imim^o<j>mmw*m\z%t>%%ftv>(*-\z<»m*m&tt?mwmo 

1 1 -AlN^IS^*t5($£ H B H 14Stg) 

12- --nMGaNJl 

13- --pMGaNji 
14, 15---InJ]I(«1I) 



http://www6.ipdl.ncipi.go.jp/Tokujitu/1yitemcnt.ipdl 



2006/11/09 



mm 



1/3 ^— v 



[Mil 

14. 



:x. 



13— 


p-GaN 








15 






■ — ^ — i 
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.22 GoN 
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36 



31- 
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33 — 
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A IN 



.32 GoN 
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45- p .GcN 



43-- 
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46 



n-AlGoN 



AIN 



_44 n-InGaN 



47 

-V- 



-42 GoN 
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56. 



53- 



51- 



55 p-6oN 
3—54 InGoN 

IT ZZZ d- 



n-6aN 



^J>2 GoN 



A1N 



[ H6 ] 




^76 p-GoN 
-75 p-MGaN 
74 GaN 




n-GoN 



[M1Q] 

106 



n-GaN 



SiC-AfN 



166 



-105 P-GaN 

~K>4 InGoN 
103 

K)2 GaN 
-101 



88 



89 



-87 p-GoN 
J— 86 p-AIGoN 
-85 GaN 



n-AIGoN 



atr^88 
-84 
83 GaN 
82 SiC 



—81 SiC 
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99 
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